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PREVENTION OF SILICA URINARY CALCULI 
'\ IN A LABORATORY ANIMAL MODEL 
Royce J. Emerick. Carl  J. Schre i e r  and Donghao Eu 
S t a t i o n  Biochemistry Sect ion,  Chemistry Department 
\ BEEF REPORT CATTLE 86-7 
An animal model u t i l i z i n g  Sprague-Dawley r a t s  f ed  a  d i e t  con ta in ing  2% of 
t e t r a e t h y l o r t h o s i l i c a t e  (TES) has been used t o  s tudy u r i n a r y  cond i t i ons  and 
d i e t a r y  f a c t o r s  prevent ing  s i l i c a  u r ina ry  c a l c u l i .  The b a s a l  TES d i e t  produced 
approximately a  50% inc idence  of s i l i c a  u r i n a r y  c a l c u l i .  Supplemental d i e t a r y  
phosphorus and t h e  u r i n a r y  a c i d i f y i n g  agent  ammonium c h l o r i d e  g r e a t l y  reduced t h e  
u r i n a r y  c a l c u l i  incidence,  whi le  supplemental d i e t a r y  calcium and u r i n e  
a l k a l i n i z a t i o n  w i t h  sodium b ica rbona te  increased  t h e  incidence.  The p r o t e c t i o n  
from s i l i c a  u r i n a r y  c a l c u l i  provided by sodium o r  ammonium phosphate compounds 
was found t o  be independent of t h e i r  u r ina ry  a c i d i f y i n g  e f f e c t s ,  and t h e  e f f e c t s  
of phosphates and ammonium c h l o r i d e  were a d d i t i v e .  While t h e s e  observa t ions  have 
n o t  been extended t o  c a t t l e  and sheep, h igh  s i l i c a  range g r a s s e s  o f t e n  con ta in  
suboptimum l e v e l s  of phosphorus. Therefore,  t h e  feeding  of phosphorus 
supplements f r e e  choice t o  animals on t h e  range appears  t o  be a  s e n s i b l e  
management p r a c t i c e  t h a t  may he lp  prevent  s i l i c a  u r ina ry  c a l c u l i .  
(Key Words: Urinary Ca lcu l i ,  S i l i c a .  Phosphorus, Calcium. Ammonium Chloride,  
Sodium Bicarbonate .  ) 
In t roduc t ion  
Urinary c a l c u l i  composed mainly of s i l i c a  a r e  common i n  c a t t l e  and sheep 
graz ing  wes tern  ranges and o f t e n  cause u r i n a r y  t r a c t  blockage and subsequent 
dea th  of male o r  c a s t r a t e d  male animals. The source  of s i l i c a  appears  t o  be t h e  
range g r a s s e s  t h a t  con ta in  approximately 3% s i l i c a  (dry b a s i s )  i n  t h e  s p r i n g  
months and amounts o f t e n  exceeding 7% i n  t h e  f a l l  and win te r .  While t h e  
inc idence  of l a t e n t  s i l i c a  d e p o s i t s  i n  t h e  kidneys of graz ing  animals i s  o f t e n  i n  
t h e  range of 20 t o  90%, a t tempts  t o  experimental ly  produce s i m i l a r  d e p o s i t s  i n  
c a t t l e  o r  sheep have n o t  met w i th  success .  Therefore,  an animal model using 
l a b o r a t o r y  r a t s  f ed  d i e t s  conta in ing  2% of t h e  s i l i c o n  compound 
t e t r a e t h y l o r t h o s i l i c a t e  (TES) producing approximately a  50% inc idence  of s i l i c a  
u r i n a r y  c a l c u l i  has been used f o r  t h e  s tudy of d i e t a r y  f a c t o r s  i n f luenc ing  
u r i n a r y  s i l i c a  depos i t ion .  Resul t s  of t hese  s t u d i e s  a r e  r epo r t ed  he re in .  While 
n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  c o n t r o l  of s i l i c a  u r ina ry  c a l c u l i  in ruminants,  
t hese  s t u d i e s  provide i n s i g h t  concerning u r i n a r y  cond i t i ons  and d i e t a r y  f a c t o r s  
t h a t  may be used i n  f u t u r e  f i e l d  s t u d i e s  f o r  u r ina ry  c a l c u l i  p revent ion  i n  
graz ing  c a t t l e  and sheep. P a r t  of t h i s  r e sea rch  has been publ ished i n  g r e a t e r  
d e t a i l  e lsewhere (Emerick, 1984. 1986; Sch re i e r  and Emerick, 1986).  
Materials  and Methods 
Sprague-Dawley male r a t s  (Sasco, Inc., Omaha. NE) having i n i t i a l  weights of 
50 t o  60 g were used i n  these  s tud ies .  Rats were ind iv idua l ly  caged under 
- environmentally con t ro l l ed  condit ions t h a t  included a temperature of 23 t o  250 C 
and 12 hours of l i g h t  da i ly .  The basa l  d i e t  cons is ted  of dextrose,  69%; case in ,  
20%; corn o i l ,  5%; salts mixture P-H (ICN Nut r i t iona l  Biochemicals, Cleveland, 
O H ) ,  4%; v i tamin  mixture ( I C N  Nut r i t iona l  Biochemicals),  2%. This d i e t  provided 
.43% phosphorus, .50% calcium, .17% s u l f u r  and .43% chloride.  Die tary  t reatment  
v a r i a b l e s  were added a t  the  expense of dextrose. Deionized water  was a v a i l a b l e  
ad l ib i tum.  
Experimental periods were of an 8-week durat ion.  Water consumption was 
measured f o r  a 48-hour' period a f t e r  2, 4 and 6 weeks and u r ine  was c o l l e c t e d  from 
one-half of the  r a t s  f o r  a 24-hour period a f t e r  3 ,  5 and 7 weeks on experiment. 
A t  terminat ion,  blood samples were obtained by h e a r t  puncture, t h e  r a t s  were 
k i l l e d  and u r ina ry  t r a c t s  were examined f o r  mineral depos i t s .  
Experiment 1. Four t rea tments  were a s  follows: basa l  d i e t  ( c o n t r o l ) ,  an 
equal molar mixture of mono- and d ibas ic  sodium phosphate (MDP) providing .2% 
supplemental phosphorus, sodium s u l f a t e  providing .32% supplemental s u l f u r  and 
sodium ch lo r ide  providing .70% supplemental ch lor ide .  The q u a n t i t i e s  of added 
salts were a l l  chemically equivalent  (.2 equivalents  per  kg d i e t )  and a l l  d i e t s  
contained 2% TES. 
Experiment 2. I n  view of the  i n t e r r e l a t i o n s h i p  between calcium and 
phosphorus and t h e  p ro tec t ion  agains t  s i l i c a  u r ina ry  c a l c u l i  provided by 
supplemental phosphoris,  t h i s  experiment w a s  conductkd t o  determine whethe; 
supplemental calcium would inc rease  t h e  incidence of s i l i c a  u r ina ry  c a l c u l i .  
Treatments wi th  and without  2% TES included 0. 1 and 2% l e v e l s  of calcium 
carbonate (CC). These provided 0, .4 and .8% add i t iona l  calcium, respect ive ly .  
An a d d i t i o n a l  .2% supplemental phosphorus was added t o  a l l  d i e t s  t o  reduce the  
calculogenic p o t e n t i a l  previously associa ted  wi th  t h e  2% TES d i e t .  
Experiment 2. To determine the  extent  t h a t  the  p r o t e c t i v e  e f f e c t  of 
phosphorus was due t o  i t s  u r ina ry  ac id i fy ing  e f f e c t ,  t h r e e  t reatments  wi th  and 
without  2% TES were designed t o  provide equal concentrat ions of phosphorus whi l e  
providing v a r i a t i o n s  i n  u r ina ry  ac id i fy ing  and a l k a l i n i z i n g  e f f e c t s .  These 
t rea tments  providing .3% supplemental phosphorus (.61% t o t a l  P and .SO% C a  i n  t h e  
d i e t )  included monobasic sodium phosphate (MP), d ibas i c  sodium phosphate (DP) and 
DP + sodium bicarbonate  (SB). I n  the  order  l i s t e d ,  these  d i e t s  c o n t r i b u t e  
inc reas ing  amounts of a l k a l i  t o  t h e  ur ine .  
Experiment 4. Spray-dried egg albumin was subs t i tu t ed  f o r  case in  a s  a 
p r o t e i n  source i n  t h i s  experiment designed t o  f u r t h e r  cha rac te r i ze  t h e  
i n t e r r e l a t i o n s h i p  between d i e t a r y  phosphorus and ur ine  pH i n  t h e  prevention of 
s i l 5 c a  u r ina ry  c a l c u l i .  Egg albumin provides a lower amount of phosphorus (.29% 
P i n  the  basa l  egg albumin d i e t  v s  .43% P i n  the  basa l  case in  d i e t )  and 
con t r ibu tes  toward an a l k a l i n e  urine.  Treatments included an equal molar mixture 
of MP and DP (MDP). .75% ammonium ch lo r ide  (AC), MDP + .75% AC and d ibas ic  
ammonium phosphate (DAP). The phosphate salts, when used, provided .22% 
supplemental phosphorus. AC has been previously used f o r  u r ine  a c i d i f i c a t i o n .  
DAP provided t h e  same amount of phosphorus and a s l i g h t l y  lower amount of 
ammonium ion a s  t h e  treatment MDP + AC. 
Experiment 5. The egg wh i t e  s u b s t i t u t e d  d i e t  descr ibed  f o r  experiment 4 w a s  
used w i t h  v a r i a t i o n s  i n  DP and AC t o  determine i f  t h e  c a l c u l i  p r o t e c t i v e  e f f e c t  
of phosphorus i s  dependent upon an a c i d i c  ur ine .  Three l e v e l s  of DP provid ing  0,  
-15 and .30% supplemental phosphorus were f ed  wi th  and without  .36% AC. This  
l e v e l  of AC was shown i n  a pre l iminary  s tudy t o  cause s l i g h t  u r i n e  a c i d i f i c a t i o n  
but  t o  be below t h e  c r i t i c a l  l e v e l  r equ i r ed  f o r  s i l i c a  u r i n a r y  c a l c u l i  
prevent ion.  
Resu l t s  and Discussion 
Data a r e  presented  i n  t a b l e  1. Only those t rea tments  providing 2% TES a r e  
shown. A l l  u r i n a r y  c a l c u l i  formed i n  t hese  t rea tments  were confirmed by a n a l y s i s  
t o  be t h e  s i l i c a  type,  w i t h  s i l i c a  comprising g r e a t e r  than  90% of the. ash. 
I n  experiment 1 t h e  inc idence  of c a l c u l i  amounting t o  10/20 r a t s  i n  t h e  
c o n t r o l  group was reduced (PC.05) by d i e t a r y  a d d i t i o n s  of phosphate (1/20) and 
c h l o r i d e  (3/20) bu t  n o t  by s u l f a t e  (7/20) .  Reductions i n  c a l c u l i  a s s o c i a t e d  w i t h  
supplemental d i e t a r y  phosphorus o r  c h l o r i d e  occurred w i t h  no inc rease  i n  wa te r  
consumption ( d a t a  no t  shown) o r  u r i n e  volumes and w i t h  only smal l  d i f f e r e n c e s  i n  
u r i n e  pH. Urine phosphorus concen t r a t ion  w a s  i nc reased  (P<.05) by t h e  phosphate 
t rea tment ,  and u r i n e  calcium concen t r a t ion  tended t o  be inc reased  by s u l f a t e .  
Blood plasma phosphorus concen t r a t ion  was increased  (P<.05) by phosphate and 
ch lo r ide .  
I n  experiment 2 inc idence  of s i l i c a  u r ina ry  c a l c u l i  increased  w i t h  i n c r e a s e s  
i n  CC. A high c o r r e l a t i o n  c o e f f i c i e n t  of r = .99 (P<.02) was obtained.  The 
h ighe r  c a l c u l i  incidence a s s o c i a t e d  wi th  t h e  feeding  of CC occurred i n  
a s s o c i a t i o n  w i t h  a 6 t o  12% inc rease  i n  wa te r  i n t a k e  and a t r e n d  toward h ighe r  
u r i n e  volumes. Other u r i n a r y  d i f f e r e n c e s  (P<.01) caused by CC i nc lude  a h ighe r  
pH, g r e a t e r  calcium concen t r a t ion  and lower magnesium and phosphorus 
concent ra t ions .  I n  a d d i t i o n ,  blood plasma phosphorus and magnesium 
concen t r a t ions  were reduced (P<.01) by CC. 
I n  experiment 3 no u r i n a r y  c a l c u l i  were a s s o c i a t e d  wi th  t h e  most a c i d i c  form 
of d i e t a r y  phosphate (MP). The numbers of r a t s  developing u r i n a r y  c a l c u l i  were 
g r e a t e s t  f o r  t h e  t rea tments  having t h e  g r e a t e s t  a lkal i - forming p o t e n t i a l .  
However, a l l  c a l c u l i  found i n  a s s o c i a t i o n  w i t h  these  high-phosphorus d i e t s  i n  
experiment 3 were s m a l l ,  averaging only 1 mg o r  l e s s  a s  opposed t o  3 t o  10  mg f o r  
c a l c u l i  from low phosphorus t r ea tmen t s  i n  t h e  previous two experiments.  I n  
a d d i t i o n  t o  h ighe r  u r i n e  pH, u r i n a r y  s i l i c a  concen t r a t ions  were 15 t o  25% higher  
f o r  t h e  DP and DP + SB t rea tments  compared t o  t h e  MP t rea tment .  
I n  experiment 4 t h e  c a l c u l i  incidence of 11/24 i n  t h e  c o n t r o l s  was g r e a t l y  
reduced by phosphorus i n  t h e  form of e i t h e r  DP (1/24) o r  DAP (3/24) .  No 
c a l c u l i  occurred i n  e i t h e r  group f e d  .75% AC wi th  o r  wi thout  supplemental 
phosphorus. AC and DAP had t h e  g r e a t e s t  u r ina ry  a c i d i f y i n g  e f f e c t s .  However, 
MDP a l s o  con t r ibu ted  t o  u r i n e  a c i d i f i c a t i o n  t o  a smal l  degree. Therefore,  it was 
n o t  p o s s i b l e  t o  s e p a r a t e  primary e f f e c t s  of d i e t a r y  phosphate from i t s  tendency 
toward u r i n e  a c i d i f i c a t i o n  a s  f a c t o r s  c o n t r i b u t i n g  t o  prevent ion  of s i l i c a  
u r ina ry  c a l c u l i .  This s e p a r a t i o n  was subsequent ly achieved i n  experiment 5 where 
t h e  inc idence  of s i l i c a  c a l c u l i ,  amounting t o  10/20 i n  c o n t r o l s ,  was g r e a t l y  
reduced t o  5/20 by .15% phosphorus and 2/20 by .30% phosphorus i n  t h e  form of DP 
wi thout  an e f f e c t  on u r i n e  pH. AC a t  a l w e l  of .36%, whi le  s i g n i f i c a n t l y  
reducing u r i n e  pH, d i d  no t  s i g n i f i c a n t l y  reduce t h e  inc idence  of u r i n a r y  c a l c u l i  
(8 /20) .  No c a l c u l i  occurred i n  t rea tments  providing AC wi th  e i t h e r  l e v e l  of DP, 
i n d i c a t i n g  t h a t  t h e  independent e f f e c t s  of d i e t a r y  phosphorus and u r i n a r y  
a c i d i f y i n g  agents  were a d d i t i v e .  
I t  i s  concluded t h a t  supplemental phosphorus, i n  t h e  absence of 
corresponding inc reases  i n  d i e t a r y  calcium, and u r i n a r y  a c i d i f y i n g  agents  
i nc lud ing  a c i d i c  forms of phosphate and AC a r e  e f f e c t i v e  i n  t h e  prevent ion  of 
s i l i c a  u r i n a r y  c a l c u l i  i n  t h e  animal model used f o r  t hese  s t u d i e s .  Appl ica t ion  
of t hese  r e s u l t s  t o  ruminants has no t  y e t  been made. Attempts toward ruminant 
a p p l i c a t i o n  should be  made wi th  cau t ion  i n  t h a t  h igh  d i e t a r y  phosphorus l e v e l s  
accompanied by an a l k a l i n e  u r i n e  have been previous ly  def ined  a s  a  cause of 
phosphat ic  u r ina ry  c a l c u l i ,  a  form of c a l c u l i  most p reva len t  i n  f e e d l o t  c a t t l e  
and sheep. Therefore,  only a c i d i c  forms of phosphorus o r  phosphorus sources 
incorpora ted  i n t o  supplenients having an acid-forming p o t e n t i a l  should be  used i n  
a t tempts  t o  extend t h e  r e s u l t s  of t h i s  animal model t o  graz ing  ruminants. 
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TABLE 1. INnUENCE OF VARIOUS TREATMENTS ON SILICA URINARY CALCULI 
INCIDENCE AND URINE AND BLOOD PLASMA PARAMETERS 
Ur inary  Ur ine  Blood plasma 
c a l c u l i  Volume S i l i c a  P Ca MR P Ca Ma 
- - 
Treatment i n c i d e n c e  m1/24 h pH mg/100 m l  mg/100 ml- 
Experiment 1 
Control  i o / 2 o j  23.0 6.53 56 i o 5 j  8 .3jk  20.0 6 . 4 j  10.6 1 . 7 8  
MDP (.2% P) 1/20k 22.3 6 . 6 j  56 221k 6 .5j  16.4 6 .8jk  10.5 1 .65 
S u l f a t e  (.32% S)  7 / 2 o j l  25.2 6.8k 52 9 5 j  10.7k 18.5 6 .3 j  10.5 1 .62 
Chlor ide  (.7% C1) 3/20kl  27.2 6.7k 46 87 j 7 . 6 j  15.6 7.2k 10.7 1.74 
Experiment 2anb 
7/20 17.7 6.6 84 159 8.7 23.2 7 .O 10.2 1.52 
9/  20 20.5 7.3 5 8 54  17.2 16.0 6 .4  10.3 1 .58 
12/ 20 22.2 7.5 60 22 28.3 14.4 5.5 10.4 1 .36 
Experiment 3 
MP (.3% PI 0 /20 j  20.4 6 . 5 j  5 0 j  201 5.7 9 .3 j  6.2 9.7 1 .36 
DP (.3% P) 3/20k 21.5 6.8k 58k 208 5.0 10.3jk  6.6 10.0 1 .33  
DP (.3% P) + .5% SB 4/20k 20.8 7.11 621 240 5.6 11.9k 6.9 10.0 1.27 
Experiment 4Cnd.e. f 
Control  11 /24 j  19.9 7 .4  55 4 1 21.0 25.2 7 . 9  10.7 1.66 
MDP (.22% P) 1/2& 19.8 7 .1  5 9  170 11.0 23.2 8.4 10.8  1 . 7 8  
.75% AC 0/2& 19.6 6.5 60 52 19.1 26.2 7.3 10.8 1.65 
MDP (.22% P) + .75% AC 0/2& 21.8 6 .4  5 4  164 13.9  21.0 8.5 10.4 1.52 
DAP (.22% P) 3/2& 23.8 6.7 5 4  151 11.2 19.6 8.6 10.5 1.70 
Experiment 5g*h* i 
Control  10/20j  22.7 7.5 60 40 12.9  27.7 6.9 10.1  1.77 
DP (.15% P) 5 / 2 0 j  26.3 7 .4  5 1  99 8 .8  22.0 6.9 9.8 1.67 
DP (.3% P) 2/20k 25.1 7.4 60 167 5.5 1 9 . 8  7 .4  10.1 1.76 
.36% AC 8 /20 j  21.3 7 .2  6 1 45 16.2 28.2 7.3 10.3 1.82 
.36% AC + DP (.15% P) 0/20k 26.0 7.2 5 8  9 8 6.7 20.4 7 - 3  10.3 1 .78  
.36% AC + DP (.3% P) 0/20k 26.1 7 .1  51  164 6 .8  19.3 7.6 10.3 1.82 
a CC-urinary c a l c u l i  i n c i d e n c e  c o r r e l a t i o n ,  r = .99 ( R . 0 2 ) .  b CC e f f e c t  (P<.01) : u r i n e  pH. 
Ca. Mg, P; b lood plasma Mg, P. c MDP e f f e c t  (P< .01) :  u r i n e  pH. Ca, Mg, P, blood plasma P. d AC 
e f f e c t  (P< .01) :  u r i n e  AC x MDP i n t e r a c t i o n  (P< 01) f AC + MDP and DAP 
krea tments  d .  f t e r  ( P < .  O P ~ I  u r i n e  p ~ ,  ~ a ;  blood ~ g .  $ * D P  :ff2Znfp?Hb5) : u r i n e  volume. Ca. ~ g ,  P. 
AC e f f e c t  t ~ < . 0 1 ) :  u r l n e  pH, blood plasma Ca. i DP x AC i n t e r a c t i o n  ( ~ < . 0 5 ) :  u r i n e  s i l i c a ,  Ca. 
j .k.1 Means w i t h i n  t h e  same column and exper iment  n o t  having a common s u p e r s c r i p t  d i f f e r  (P<.05) .  
